Study objective: We sought to determine whether preoperative fiberoptic pharyngoscopy (FOP) 
METHODS

Selection of Patients
Ninety patients with OSA underwent UPPP by one surgeon (B.G.W.) between 1983 and 1988 at our institution. A complete preoperative evaluation including PSG and FOP with Muller's maneuver was performed in 44 patients. A postoperative PSG was done in 31 of these patients. One patient with no velopharyngeal collapse and one patient with a tracheostomy at the time of FOP were excluded from the study. The remaining 29 patients (27 men, two women) are the subjects of this retrospective review.
Pharyngoscopy
The patients were coached by one of two bronchoscopists (J.A.G., A.C.M.) on performance of Muller's maneuver before FOP. The maneuver consists of an inspiratory effort against a closed or nearly closed glottis after expiration to functional residual capacity. After local nasal anesthesia of 2% lidocaine, 1/1,000 epinephrine, and 2% lidocaine gel, a fiberoptic bronchoscope (model BF-IT1O OD 5.9 mm in most cases or model BF-P1O OD 5.0 mm, Olympus, Lake Success, NY) was inserted through one of the nares while the patient lay supine and awake, and it was directed into the pharyngeal airway. The tongue-epiglottishypopharynx (TEH) complex was first visualized by placing the fiberoptic bronchoscope into the distal oropharynx. The patient was then asked to perform Muller's maneuver while this segment of the airway was examined for "collapse": displacement of the epiglottis, base of the tongue, or pharyngeal walls. The bronchoscope was then withdrawn to a position behind the soft palate to visualize the nasopharyngeal-oropharyngeal isthmus (the velopharynx), and Muller's maneuver was repeated. Collapse was semiquantitatively evaluated and considered to be present if it resulted in a greater than 75% narrowing of the airway lumen. Muller's maneuver was repeated several times at these two locations.
Patients were then divided into two groups based on the location(s) of collapse. Patients with collapse of both the velopharyngeal airway and the TEH complex constituted group 1 (11 patients) , and patients with only velopharyngeal collapse constituted group 2 (18 patients 
Polysomnography
An overnight polysomnogram (PSG) was performed preoperatively and 6 or more weeks postoperatively in all patients. For patients who had undergone tracheostomy, PSGs were performed at least 2 weeks after either continuous plugging of the tracheostomy or closure of the stoma. Monitoring included electroencephalography (FZ, CZ, PZ, and OZ referred to Al and A2), electro-oculography (left and right outer canthus, left above and right below eye referred to Al and A2), electrocardiography (lead 1), oral and nasal airflow measurements with thermistors manufactured by our biomedical engineering department, pulse oximetry (Ohmeda, Boulder, Colo), and respiratory movements (intercostal electromyography or plethysmography manufactured by our biomedical engineering department). Mental and submental electromyograms (EMG) were performed for sleep staging. Left anterior tibialis EMGs were also performed. Signals were recorded on a polygraph recorder (Grass 78-D, Grass Instruments, Quincy, Mass). A recording of time spent lying supine, as a percentage of total sleep time, was recorded for PSGs performed after 1985 by observation, then, after 1988, with a mercury switch transducer manufactured by our biomedical engineering department.
The following characteristics were recorded for each patient: weight, apnea, hypopnea and apnea-hypopnea indexes, REM sleep (as a percentage of total sleep time), oxygen saturation (SaO2) nadir, and time spent lying supine as a percentage of total sleep time. Apnea was defined as a total cessation of airflow for longer than 10 s, and hypopnea was defined as greater than 50% reduction in airflow longer than 10 s. The OAHI represents the mean number of combined apneas and hypopneas per hour of sleep. Only obstructive and mixed obstructive-central apneas were used in the analysis.
Data Analysis
Preoperative and postoperative values were compared within each group by a paired Student's t test. Between-group comparisons for continuous variables were made using an unpaired Student's t test and the Cochran and Cox t test when groups had unequal variances.1°Pearson correlation coefficients were calculated to assess possible linear relationships between percent change in the OAHI and weight loss after surgery or time elapsed since surgery.
The types of surgery and surgical outcomes between groups were compared using the Fisher's exact test. Two definitions of success were used: (1) a greater than 50% improvement in the OAHI and (2) a greater than 90% improvement in the OAHI index and a postoperative OAHI of less than 15, which is referred to as the "cure rate." For all analyses, a p<0.05 was considered statistically significant. Statistical analysis was performed using statistical analysis software (SAS, Cary, NC).
RESULTS
The 18 patients in group 2 had velopharyngeal collapse only, and the 11 patients in group 1 had an additional collapse at the TEH complex. Both female patients were in group 2. Table 1 shows that both groups matched with respect to initial values except for a lower SaO2 nadir and a longer interval from UPPP to postoperative PSG in group 1. Similarly, as shown in Table 2 , the groups matched with respect to the types of additional procedures performed.
There was a higher proportion of patients undergoing inferior turbinectomy with soft tissue resection in group 2 patients with velopharyngeal collapse only. This difference did not achieve statistical significance. Within-group comparisons of preoperative and postoperative values show significant improvements in obstructive apnea hypopnea index (OAHIs) and SaO2 nadirs for both groups (Table 3) . Statistically significant weight loss occurred in group 1 only.
Between-group comparison in Table 3 shows no significant difference between groups with respect to postoperative values. Table 4 shows a marginal statistical significance in the success rates between groups 1 and 2, with group 2 having a 2-or 5-fold greater success rate, depending on the definition of success. The overall success rate of UPPP was 62%o when success is defined as a greater than 50% improvement in the OAHI. The cure rate was 34.5% overall. Table 5 shows the high negative predictive value and sensitivity of FOP with the Muller's maneuver when using a stringent definition of success. There was no significant correlation for either groups between the percent change in OAHI and weight difference or days since surgery (data not shown). DISCUSSION Our study shows that the OAHI improved in both groups and that this improvement does not appear to be correlated with weight loss, time since surgery, or differences in time the patients spent lying supine, time in REM sleep, or age of the patients. A successful outcome of UPPP was significantly more common in group 2 patients with velopharyngeal collapse only. Although these differences were of marginal statistical significance, a 5-fold higher success rate of UPPP was found in group 2 (9.1 vs 50%) when a more stringent definition of success was used. The high negative predictive value (91%) of dynamic FOP when a stringent definition of success is used suggests that this maneuver is best used in excluding patients with collapse of the TEH complex from UPPP. Apneas were mostly of the obstructive type. Although only obstructive and mixed obstructive-central apneas were used in the present data, the above conclusions did not differ when central apneas were included in the analysis. Our study was conducted before the widespread use of continuous positive airway pressure (CPAP) and none of our patients used CPAP before their polysomnograms.
The overall success rate of UPPP in the treatment of OSA remains about 50%.2 Our overall success rate was 62% using the same definition of success (greater than 50% improvement in the OAHI). The reasons proposed for the failure of UPPP follow: a decrease in the cross-sectional area of the hypopharynx postoperatively, which may explain instances of worsening of OSA after UPPP;11 a posterior airway space of less than 8 mm with an inferiorly positioned hyoid after UPPP;12 a narrower upper airway;13 persistent velopharyngeal collapse or proximal shift of collapse postoperatively,14"15 and extent of surgery.2
Several methods have been proposed to identify patients with a better expected UPPP outcome.79,1113,15-20 Although most depend on the identification on an obstruction that would be resolved by UPPP, the success rate remains variable. Also, there are as yet no established criteria for measuring UPPP outcome. There is a considerable discrepancy between the subjective assessment of patients and objective data from sleep studies. For instance, Simmons et al19 suggest that patients with good or improved clinical results (defined as reduced or abolished daytime sleepiness) were as likely to have a successful UPPP as a failed UPPP (7/15 vs 8/15, respectively). Similarly, in our UPPP study, the subjective evaluation of snoring, observed apneas, and daytime drowsiness overestimated the objective improvement (data not shown). Most studies have used a more than 50% reduction in the OAHI as a measure of success. This definition could label a pa- Sleep position is important in the diagnosis of sleep apnea: sleeping on the side can ameliorate or even abolish OSA,23 but sleep position has no effect on the location of airway collapse once it occurs.14 We found no significant difference in time spent as the patients lay, supine, as a percentage of total sleep time, between the two groups and within each group, preoperative vs postoperative. The results should be interpreted with caution because of the small sample of 11 patients from which the information is derived.
Time elapsed between UPPP and the postoperative PSG varied in our study, but in all instances it was longer than 6 weeks. The long-term outcome from UPPP has not been adequately studied. Sanders et a124 compared "early" (within the first 5 days) with "late" (6 or more weeks after UPPP) PSGs and found that the OAHI on the early PSG was almost always higher. Alternatively, Launois et a120 suggest a decline in improvement rates between postoperative PSG assessments at four months and 14 months. Although the time interval to the postoperative PSG was longer in our patients in group 1 with collapse of the TEH complex, this is unlikely to account for the greater than five-fold difference in cure rate between our two groups. Moreover, our data suggest a marginally nonsignificant worsening with time after UPPP (data not shown). Close follow-up after UPPP is therefore advisable.
Sugerman et a125 found that gastric surgery for obesity with concomitant weight loss was associated with a significant improvement in sleep apnea. Similarly, Smith et a126 showed that moderate weight loss achieved through dieting can relieve sleep apnea. In our study, we found no correlation between the percent improvement in OAHI with the weight loss commonly seen after UPPP.
An important limitation of our study lies in the inherent bias imposed by the necessity for a complete evaluation with dynamic pharyngoscopy and both preoperative and postoperative PSGs. We may have selected patients with more severe OSA as is apparent in the fact that none of our 29 patients had an initial OAHI below 20, the mean initial OAHI was 57, and the mean initial weight was 113 kgs.
In conclusion, the overall success rate (more than 50% decline in OAHI) of UPPP was 62%. Both groups had significant improvement in their OAHI and SaO2 nadir. This improvement did not seem to be related to differences in the patients' time spent lying supine during PSGs, differences in time in REM sleep, weight between preoperative and postoperative PSGs, or time between surgery and postoperative polysomnogram. This improvement may not persist over time and close follow-up is advised after UPPP.
FOP with Muller's maneuver may help establish a subgroup of OSA patients with greater likelihood of successful UPPP. Our study suggests that our overall cure rate of 34.5% could be improved to 50% by selecting patients who have only velopharyngeal collapse based on FOP with Miller's maneuver. The high negative predictive value of FOP with Muller's maneuver when a criterion for cure is used, however, suggests that this maneuver is better used to exclude patients with collapse caudad to the velopharynx from UPPP.
